A sun outage is an interruption or distortion of satellite communication signals caused by interference from solar radiation. There is a serious interference to satellite communication services in a special period of time. In the present paper, a novel model for predicting sun outage that is effective and can greatly improve accuracy and precision of sun outage prediction of earth station in satellite communication is presented.
Introduction
Communication satellites locate at the altitude with tens of thousands of kilometers above the surface of the Earth, so the satellite signals to the ground are very weak. The Sun radiates strongly across the entire spectrum, including the microwave frequencies (such as C-, Ku-and Ka-band) used to communicate with satellites, and to send high levels of electromagnetic radiation to the satellite. It will result in an interruption in or distortion of satellite signals. It is called a sun outage, also called as sun transit in astronomy. The effects of a sun outage range from partial degradation (increase in the error rate) to total destruction of the signals (Note 1). When a strong interference electromagnetic signal from the Sun and the satellite signals are in the same direction, the Sun's wide electromagnetic spectrum is a huge noise source for receiving antenna on the earth station. The communication signals are overwhelmed by the Sun's radiation, and the demodulation system can't distinguish between the satellite signals and the Sun's interference signal (Song et al. 2010; Guo et al., 2012; Lou et al., 2016) .
Communication satellites are often placed in the geostationary Earth orbit (GEO), so that the satellite antennas on the earth station that communicate with them do not have to rotate to track them, but can be pointed permanently at the position in the sky where the satellites are located (Pratt et al., 2003) . Considering the motion characteristics of the Sun, as for GEO communication satellites, in the northern hemisphere, sun outages occur before the March equinox (February and March) and after the September equinox (September and October), and in the southern hemisphere the outages occur after the March equinox and before the September equinox. At these times, the apparent path of the Sun across the sky takes it directly behind the line of sight between the earth station and the GEO satellite. During the solar interference, to calculate the time of solar interference, the precise position of the Sun is necessary. Based on the Swiss ephemeris, a novel model for predicting the sun outage is proposed in this work.
Swiss Ephemeris
The Swiss ephemeris is the high precision ephemeris developed by Astrodienst (Note 2), largely based upon the DExxx ephemerides from NASA's Jet Propulsion Laboratory (JPL). The original release in 1997 was based on the DE405/406 ephemeris. Since release 2.00 in February 2014, it is based on the DE431 ephemeris released by JPL in September 2013. The Swiss ephemeris covers the time range 13201 BC to AD 17191. These data have been further compressed with sophisticated compression techniques developed by Astrodienst. This compressed ephemeris reproduces the JPL data with 0.001 arcseconds precision. All transformation steps from the inertial timeframe of the JPL DE430/431 integration to the reference frame for astrological coordinates (true equinox of date), all corrections like relativistic aberration, deflection of light in the gravity field of the Sun etc. have been Vol. 7, No. 1; 2018 performed with utmost care and precision so that the target precision of 0.001 arcseconds is maintained through all transformation steps.
The Swiss ephemeris provides a function package for the computation of planetary positions (Tian et al., 2007) . It includes the planets, the moon, the lunar nodes, the lunar apogees, the main asteroids, Chiron, Pholus, the fixed stars and several "hypothetical" bodies. Hundreds of other minor planets are included as well. The Swiss ephemeris package consists of a DLL, a collection of ephemeris files and a few sample programs which demonstrate the use of the DLL and the Swiss Ephemeris graphical label. In addition, full C source codes are included with the Swiss Ephemeris, so that programmers also can create a linkable or shared library in their environment and use it with their applications.
Novel Model for Predicting Sun Outage

Occurrence Condition of Sun Outage
Firstly, a geocentric celestial reference system is established. Here the location of the communication antenna is as the coordinate origin. 
Where, the angle θ is an included angle of point R and point S on the spherical surface. With the criterion, whether a sun outage has occurred can be calculated. Furthermore, sun outage can be predicted on special period of time.
Prediction Procedure of Sun Outage
Combined with the above calculation model, calculation process of sun outage can be given to determine whether a sun outage occurs at special time. The procedure is as follows. 
